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Abstract
In this letter we report on proximity su-
perconductivity induced in CdTe-HgTe core-
shell nanowires, a quasi-one-dimensional het-
erostructure of the topological insulator HgTe.
We demonstrate a Josephson supercurrent in
our nanowires contacted with superconducting
Al leads. The observation of a sizable IcRn
product, a positive excess current and multiple
Andreev reflections up to fourth order further
indicate a high interface quality of the junc-
tions.
Keywords
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The prospect of topological quantum compu-
tation has spurred a large-scale research effort
in identifying material systems that host topo-
logical quantum states. Emerging from an in-
terplay between band structure topology and
superconductivity, topological quantum states
can be artificially engineered by coupling a
conventional s-wave superconductor to a semi-
conductor with strong spin-orbit coupling sub-
jected to a magnetic field1–8 or to a material
with topological band dispersion.9,10 Recently,
we have presented experimental evidence for
the fractional Josephson effect in Josephson de-
vices with weak links made of the topological in-
sulator (TI) material HgTe,11–13 indicating the
presence of non-localized Majorana modes in
these structures. In an alternative approach it
has been suggested to create Majorana wires
by gate-defining one-dimensional wires in HgTe
quantum wells.14 In this Letter, we report the
first observation of proximity superconductiv-
ity in CdTe-HgTe core-shell nanowires,15 a ma-
terial system in development as a possible al-
ternative to the conventional semiconductor
nanowire platform.
In order to fabricate our core-shell het-
erostructures, we grow CdTe nanowires ori-
ented along the [111]B direction by vapor-
liquid-solid molecular beam epitaxy on (111)B
GaAs substrates. Droplets of Au-Ga are used to
seed the one-dimensional growth. The droplet
size defines the nanowire diameter, which is typ-
ically 60–80 nm. Subsequently, all side-facets of
the CdTe wires are overgrown with 30–40 nm
of HgTe. Further details regarding the growth
process are discussed in Ref.15. The investi-
gated heterostructures have a high crystal qual-
ity and show residual strain due to the lattice
mismatch between HgTe and CdTe.16 Strain
lowers the symmetry of the zincblende unit cell
and opens a bandgap in HgTe.17 At low tem-
perature, we expect the CdTe cores to be insu-
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Figure 1: Figure (a) shows an scanning electron
microscope (SEM) image of CdTe-HgTe core-
shell nanowires on (111)B GaAs with schemat-
ical cross sections in the inset. An exemplary
device is shown as a false-coloured SEM image
in (b) with a nanowire (blue) aligned at the
DEP electrode on the left and contacted by Al-
based leads (turquoise). The inset depicts the
contact material stack on the substrate.
lating. Hence, charge transport takes place in
the HgTe shell.
In order to contact individual nanowires, we
prepare a nanowire suspension in isopropanol
by ultrasonic cavitation to transfer them onto
a conductive Si substrate capped with 100 nm of
thermal oxide. We localize and align the wires
at a Au electrode using AC dielectrophoresis.18
We then define the contact pattern by electron-
beam lithography. To achieve good interface
quality, the contact area is cleaned from organic
residues and oxide by Ar ion milling followed by
in situ metallization. A 5 nm-thick layer of Ti
is evaporated as an adhesion layer for the sub-
sequently deposited 280 nm-thick Al supercon-
ductor. The electrodes are capped with 5 nm Ti
and 35 nm Au. A schematic of the layer stack
and a scanning electron micrograph are shown
in Fig. 1(b).
We studied eleven nanowires in total. The
transport measurements on samples W1–W10
were carried out in a dilution refrigerator at
a temperature below 50mK. Sample W11 was
tested with specialized low-noise electronics to
reduce current-noise-rounding of the current-
voltage characteristic. Further, a microwave-
filtered dilution refrigerator setup with a base
temperature of 50mK was used to eliminate the
possibility of spurious resonant features in the
dynamic resistance. DC and standard lock-in
measurements were performed in four-terminal
geometry.
The critical temperature of the superconduct-
ing electrodes is found to be Tc = 1.0K. Using
the BCS relation ∆ = 1.764 kBTc,19 we esti-
mate an energy gap of 2∆ = 0.30meV. Due
to the geometry of the leads, we observe differ-
ent critical magnetic fields, Bc, = 10mT and
Bc,⊥ = 21mT, parallel and perpendicular to
the long axis of the nanowire, respectively.
Figure 2(a) shows the current-voltage charac-
teristic of a representative wire junction (W11).
We observe a critical current Ic = 73 nA and
hysteretic behavior with a retrapping current
Ir = 11 nA. The normal state resistance of the
device, Rn = 1.02 kΩ, is extracted from the
slope of the current-voltage characteristic for
bias voltages |V |  2∆/e. This value is iden-
tical to the resistance when superconductivity
in the contacts is suppressed by a magnetic
field. The strength of the Josephson coupling
is characterized by the product of critical cur-
rent and normal state resistance; IcRn = 75µV
for sample W11. It is comparable in magnitude
to the experimentally determined gap voltage
∆/e = 150µV of the electrodes, which indicates
a large induced gap in the topological material.1
Junction parameters for W1-W10 are reported
in the Supplementary Materials.
Extrapolating the current-voltage character-
istic at high bias (V  2∆/e) to V = 0 [red
dashed line in Fig. 2(a)] reveals a substantial ex-
cess current,21 Iexc = 128 nA. We attribute the
enhanced conductance to quasiparticle trans-
port by Andreev reflections that occur at the
transparent interfaces between the supercon-
ductors and the TI nanowire.22 In the absence
of an adequate theoretical description for the TI
1For comparison, see Table I in Ref.20
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Figure 2: The low temperature I(V ) character-
istic of junction W11 is shown in (a). Arrows
and colors indicate different sweep directions.
The blue trace in (b) shows the zero-magnetic
field I(V ) curve for a large extended bias range,
with an extrapolation for large bias voltages
drawn in red to extract the excess current. The
black line shows the ohmic characteristic, where
superconductivity is suppressed by an external
magnetic field of 10 mT. The magnetic field de-
pendence of the critical current is shown in (c),
fitted with equation (1) (red line).
nanowire system, we interpret the excess cur-
rent in the framework of the Octavio, Tinkham,
Blonder, and Klapwijk (OTBK) theory23 for
symmetric superconductor–normal conductor–
superconductor (SNS) junctions. Using the ex-
pression by Niebler, et al.,24 we calculate a BTK
barrier parameter25 Z = 0.65 for W11. This
corresponds to a transparency T = 1/1 + Z2 =
0.70, which confirms the high quality of our
ex situ prepared superconductor–nanowire in-
terfaces.
Figure 3(a) shows the bias voltage depen-
dence of resistance V/I (red) and dynamic re-
sistance dV/dI (black). We observe a sequence
of broad features, which are marked by arrows
in the plot. These features are most pronounced
for sample W2 and, with the exception of two
samples, all devices display them at the same
bias voltages as marked in Fig. 3(b). Such sub-
gap structure arises from higher-order quasipar-
ticle transport which involves multiple Andreev
reflections (MAR)23 at the interfaces. Quasi-
particles that transverse the weak link with an
applied voltage V gain the energy e · V . In
a symmetric junction between superconductors
with an energy gap 2∆, this leads to a junc-
tion conductivity which modulates with 2∆/ne,
where n = 1, 2, ... is the order of the MAR pro-
cess. While the voltage spacing deviates from
a standard MAR sequence for n = 3, 4, it does
scale with the size of the energy gap ∆(B) when
superconductivity is suppressed by an applied
magnetic field,26
∆(B)
∆(0)
=
√
1−
(
B
Bc
)2
, (1)
as indicated by the dashed lines in Fig. 4, where
the magnetic field dependence of features in the
dynamic resistance is shown in a color coded
map. Similarly, the critical current scales with
∆(B) in the electrodes, see Fig. 2(c). Strong de-
viations in the MAR characteristics have been
discussed in the context of quantum point con-
tacts with strong coupling to superconducting
electrodes.27 Disregarding the charging energy,
it was predicted that the presence of quantized
levels and strong spin-orbit interaction leads to
a broadening and shift in the position of MAR
features. We expect strong spin-orbit coupling
in our nanowires. However, the effect of band
structure details and channel transmission on
Andreev transport in TI nanowires has not been
studied theoretically. Unconventional MAR se-
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Figure 3: Bias dependent resistance V/I (red, right axis) and dynamic resistance dV/dI (black,
left axis) are plotted in (a). Pronounced features are indicated by numbers and the corresponding
bias voltages are listed in the figure. Figure (b) compares the peaks in dynamic resistance for three
more wires with different junction transparencies T .
W5
Figure 4: The color coded map shows the
magnetic field dependence of features in the
dynamic resistance dV/dI of W5, fitted with
equation (1) (dashed lines). The linescan (or-
ange, right axis) indicates the corresponding
peak positions 1–3 for B = 0.
quences are reported for asymmetric SNS de-
vices with electrodes of different gap magni-
tudes28,29 and in hybrid devices with proxim-
ity induced superconductivity for which addi-
tional MAR features arise from the quasipar-
ticle density of states in the proximity region
above the effective gap energy.30,31 It should be
pointed out that based on the calculations in
Ref.32, the magnitudes of critical current and
excess current eIcRn/∆ ≈ eIexcRn/∆ = 0.5 for
W11 are compatible with diffusive SNS junc-
tions in the intermediate regime L ≈ 4–5 ξ,
where L = 300 nm is the distance between the
superconducting electrodes and ξ the supercon-
ducting coherence length in the material. In
this case, however, a regular MAR sequence is
expected.
In conclusion, we successfully demonstrate
proximity induced superconductivity in our
HgTe nanowire shells contacted with supercon-
ducting Al leads. Apart from observing super-
current, a sizable IcRn product, positive excess
current, and a clear signature of a MAR-like
subgap structure evidence the high quality of
the junctions. The unusual shape of the subgap
dynamic resistance cannot be understood in
terms of the standard theory of SNS Josephson
devices, but suggests nontrivial interplay with
the electronic properties of the HgTe nanowire
shell. This work constitutes an important step
towards the realization of topological quantum
states in quasi-one-dimensional nanowires of
4
mercury telluride. Efforts toward adjusting the
Fermi energy in the wires by electrostatic gat-
ing and testing of electrode materials and ge-
ometries with larger critical fields are currently
underway. This will allow us to test for topolog-
ical superconductivity in the few mode regime
and look for a predicted topological transition
with applied magnetic flux along the wire axis
of a TI nanowire.33
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Table S1: Device and transport properties of the investigated Josephson junctions: junction
length LJJ , normal state resistance Rn, critical current Ic, retrapping current Ir, charac-
teristic voltage IcRn, and excess current Iexc. The measurements on wires W1–W10 were
performed in a current-noise-limited setup and thus do not exhibit hysteresis in the current-
voltage characteristic, i.e. Ic = Ir.
Nanowire W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11
LJJ [nm] 270 270 270 165 195 195 240 195 165 240 270
Rn [kΩ] 0.99 0.51 0.57 0.77 1.39 1.62 1.34 1.80 0.88 1.99 1.02
Ic [nA] 14 47 37 18 7 8 7 8 18 4 73
Ir [nA] 14 47 37 18 7 8 7 8 18 4 11
Ic ·Rn [µV] 14 24 21 14 9 13 9 15 16 8 75
Iexc [µA] 0.11 0.27 0.24 0.11 0.07 0.06 0.05 0.06 0.11 0.03 0.13
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